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Abstract—In this paper, a single grooved wideband Parallel 
Coupled Microstrip Bandpass Filter (PCMBF) with improved 
passband response and first harmonic suppression is described. 
The suppression of first harmonic spurious response was done by 
using a transmission zero frequency realignment method. The 
realignment was done by using a single groove with specific 
dimensions. The transmission zero and first harmonic frequencies 
can be realigned by varying a single groove size which is located 
at the center of the Parallel Coupled Microstrip Line (PCML). 
The wideband with harmonic suppression is achieved in three–
stage PCMBF by using two single–stage bandpass filter of 
identical tight coupler with optimized grooved. 
 
Index Terms—Bandpass filter, wideband, harmonic 
suppression, transmission zero, J–inverter network, groove 
 
I. INTRODUCTION 
ARALLEL Coupled Microstrip Bandpass Filters 
(PCMBF) have been widely used in many microwave 
systems. The Parallel Coupled Microstrip Line (PCML) 
structure has been used as the main coupling component in 
PCMBF design [1], [2]. However, one of the disadvantages is, 
the first spurious passband of a PCMBF appears at twice the 
basic passband frequency and the rejection of the upper 
stopband is worse than lower stopband. Consequently, this 
greatly limits its applications and thus degrades system 
performance. This resulted from the inequality of the even and 
odd mode phase velocities of coupled lines in each stage [3], 
[4].  
For a given PCML structure,  the odd mode is propagating 
faster than the even mode,  i.e. the phase constant for the odd 
mode is less than that of the even mode; βodd < βeven. In 
addition,   the   electromagnetic   energy   for   the   odd   mode 
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concentrates around the center gap, while that for the even 
mode is around the outer metallic edges [3], [4]. Various 
techniques have been proposed to equalize the even and odd 
mode velocities or their electrical line lengths. These lead to 
the minimization of harmonic response. All the techniques 
proposed above lead to the restructuring or redesigning of the 
filter with new physical design parameters [3], [4]. The 
technique proposed in this paper is unique. It does not require 
any restructuring or redesigning of PCMBF. It involves simple 
modification by introducing a single groove or notch at the 
center of PCML. The initial studies involving varying number 
of grooves were reported in [5]-[6]. Similar studies involving 
multiple grooves arranged periodically in PCML structures 
have been reported [7]-[10].  
The studies on suppression of harmonic response were 
carried out by transmission zero realignment method using a 
single groove at the center of PCML [11], [12]. The studies 
were done using numerical simulation software [13]. It was 
found that a single groove of specific dimension located at the 
center of PCML structure is able to realign the transmission 
zero frequency and its harmonic response frequency. 
PCMBF is usually formed by a few couplers with various 
coupling coefficients based on the filter order. A three stage 
bandpass filter traditionally designed with tight couplers (TCg) 
are arranged at the input and output of the filter whilst the weak 
couplers (WCg) are at the middle section of the filter. Due to 
the tight and weak coupling combination, the filter response 
will be narrowband. The proposed three stage wideband 
bandpass filter was designed by replacing the weak couplers 
(WCg) at the middle section of the filter with identical tight 
couplers placed at the input and output of the filter. The filter 
was implemented on a low cost laminate board. Further work 
will focus on the implementation on a low-loss microwave 
board for further verification. 
 
II.    SINGLE STAGE FILTER DESIGN 
The configuration of a single stage bandpass filter is 
illustrated in Fig. 1(a). The dimensions were computed based 
on the physical parameters listed in Table 1 [14]. The filter was 
fabricated on a laminate of dielectric constant εr = 4.4, 
substrate thickness h = 1.524 mm and loss tangent of 0.025. 
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Fig. 1(b) shows the equivalent J–inverter network of single 




bandpass filter is shown in Fig. 2. The simulated and measured 
responses are shown in Fig. 3. It can be seen that the insertion 
loss S21, has fundamental response fo at 2.52 GHz, first 
harmonic response fh at 5.18 GHz and transmission zero fzo at 
5.86 GHz. 
From the equivalent J–inverter network of two PCMLs 
shown in Fig. 1(b), the middle transmission–line resonator is 
actually formed by cascading two identical electrical lengths of 
θ/2, where its overall length becomes θ. The transmission–line 
resonator resonates at the frequencies of θ = 180°, 360°, 540°, 
etc. The first resonance appeared at θ = 180° [fo = 2.52 GHz in 
Fig. 3], and is usually utilized to make up the dominant 
passband in the design of a bandpass filter. The second 
resonance at θ = 360° [fh = 5.18 GHz in Fig. 3] contributes to 
the first–harmonic spurious passband.  
 
III.    SINGLE AND THREE STAGE FILTER DESIGNS WITH SINGLE 
GROOVE 
The presence of harmonic response in the PCMBF is mainly 
due to the non-equivalent velocity of even and odd modes 
which are present in the PCML structure. The odd mode which 
has the current density concentrates at the inner edges of the 
microstrip conductors propagates faster than the even mode 
with current density at the outer edges of the microstrip 
conductors. In order to equalize the even and odd mode phase 
velocities at second resonance of the middle resonator, a single 
rectangular groove or notch was introduced at the center of the 
PCML inner edges of the two microstrip conductors as shown 
in Fig. 4. The effect of the groove on the designed single stage 
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εr = 4.4 h = 1.524mm 
TCg 
w = 2mm s = 0.2mm 
l = 16mm 
 
Fig. 3: Simulated and Measured Return and Insertion Losses Responses of a 
Single Stage PCMBF without Groove. 
 
Fig. 1: Physical Layout and Equivalent Network for Single–Stage PCMBF 
(a) Physical Layout (b) Equivalent J–Inverter Circuit 
TABLE I 
FEED LINE AND PCML CHARACTERISTICS 
Feeding Line 
Characteristic Impedance Zo 50 Ω 
Width wf 3 mm 
Length lf 16 mm 
Parallel Coupled Microstrip Line (PCML) 
Zeven 79.7 Ω 





Width, w 2 mm 
Coupling Gap, s 0.2 mm 















Fig. 4: Structure of PCML with Single Groove Located at the Centre. 
 
The single stage bandpass filter was designed with single 
groove located at the center with of PCML for various sizes of 
groove. The design was then simulated. Fig. 5 shows the 
simulated insertion loss S21 response of a single stage bandpass 
filter with various groove sizes. It clearly shows that as the 
groove height H varies with fixed width W, the first harmonic 
frequency fh and transmission zero frequency fzo approach each 
other. At one particular frequency, transmission zero fzo cancels 
off the harmonic response fh. The behavior of the first 
harmonic frequency fh and transmission zero frequency fzo 
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Fig. 5: Frequency Response of a Single Stage Bandpass Filter with Single 
Groove of W = 0.8 mm and Varying H for TCg 
 
 
In Fig. 6, it can be seen that fzo > fh when 0 < H < 1.1 mm 
and fzo < fh when H > 1.1 mm, for W = 0.8mm. It can also be 
seen that fzo = fh = 4.76 GHz when H = 1.1 mm. Hence, it can 
be inferred that when a groove with dimensions W = 0.8 mm 
and H = 1.1 mm is embedded at the center of PCML, the 
transmission zero frequency equals to the first harmonic 
response frequency, thus canceling it. 
Fig. 7 shows the fabricated single stage bandpass filter with 
optimized groove dimensions. The simulated and measured 
results are compared as shown in Fig. 8. The return and 
insertion losses responses of the single stage bandpass filter 
with optimized groove dimensions H = 1.1 mm and W = 0.8 
mm clearly shows the cancellation of the first harmonic 
response. 
From the previous discussion, a PCML with single groove 
was able to realign the transmission zero frequency which 
cancels the first harmonic frequency of a single stage bandpass 
filter. Hence, harmonic suppression of a single stage PCMBF 
at the first–order spurious passband is possible with only an 
embedded single groove. The research proceeds to designing 
multistage bandpass filters with harmonic suppression feature. 
A three stage bandpass filter was then designed with four 
PCML structures having embedded optimized groove 
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Fig. 6: Frequencies of Transmission Zero and Harmonic Resonance for 






Fig. 7: Single Stage PCMBF with Optimized Single Groove. 
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εr = 4.4 h = 1.524mm 
TCg: w = 2mm s = 0.2mm 
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(1Groove at center H=1.1mm 
& W = 0.8mm) 
 
Fig. 8: Simulated and Measured Return and Insertion Losses Responses of 








Fig. 9: Three–Stage w-PCMBF with Optimized Single Groove Dimensions. 
 
 
The filter was designed to operate at 2.5 GHz. The selected 
frequency is suitable for full-duplex Local Area Network 
(LAN) communication. The simulated and measured return and 
insertion losses responses of the three stage bandpass filter 
were compared as shown in Fig. 10. It clearly shows that the 
both results agree well with each other. A centre frequency of 
2.45 GHz can be observed for both results. An acceptable 
return loss of below -3 dB or half power is achieved within the 
passband. The rejection bands exhibit less than -50 dB low 
insertion losses. The measured results show full suppression of 
harmonic response and wide operating bandwidth of more than 
30 % at the centre frequency. The measured and simulated 
transmission zeros occur at 4.25 GHz and 4.5 GHz, 
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εr = 4.4 h = 1.524mm 
TCg : w = 2mm s = 0.2mm 
l = 16mm  
(1Groove at center 
H=1.1mm & W = 0.8mm) 
 
Fig. 10: Simulated and Measured Return and Insertion Losses Responses 
of a Three–Stage w-PCMBF with Optimized Single Groove. 
 
IV.   CONCLUSION 
The design of a simple wide bandwidth PCMBF with 
harmonic suppression utilizing single optimized dimensions of 
groove at the center of a PCML structure has been 
demonstrated for the first time. The transmission zero 
realignment method where transmission frequency realign with 
the first harmonic response can be done by using single groove 
of specific dimensions located at the center of PCML. Three– 
stage PCMBF with identical tight coupler with optimized 
groove dimensions as the coupling component shows wideband 
response. Thus, using optimized dimensions of a single groove 
at the center of a tight PCML, wideband filter with sharp-
rejection stopbands and excellent rejection of first harmonic 
spurious response can be achieved. For validation, a 2.5 GHz 
wideband PCMBF prototype, useful in full-duplex Local Area 
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constructed and characterized. The resulting agreement 
between measurements and simulations has confirmed the 
experimental viability of this filter topology. 
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